Lanthanum staining of embryonic chick cell reaggregates reveals an intercellular material composed of fibrils. Fibrillar arrays may be composed of parallel fibrils with a 35 A centerto-center spacing. Fibrils may also be disoriented, long, and tortuous. Newly dissociated cells show little lanthanum staining surface material, but appreciable amounts are present after 6 hr of reaggregation. Examination of intact tissue does not give the same clear evidence of a fibrillar matrix surrounding the cells, but treatment with a number of agents permits observation of intercellular fibrils, and in some cases there is evidence of orientation. Thus fibrillar material must be taken into account in considering mechanisms of cell aggregation.
INTRODUCTION
Since it has become possible to stain the intercellular region between closely juxtaposed cells (2, 7, 12 14) , one may now ask if this region contains structured elements. Also, in an attempt to understand the function of any such material, one may ask if structured elements occur between reaggregating embryonic cells. Intercellular material may be crucial in understanding the behavior of cells during reaggregation, according to some authors (3, 6) though not all (1, 15) . In the present study, reaggregating cells from the 4-day chick limb bud were stained with lanthanum (10) for electron microscopy by a modification of the methods of earlier workers (14) . A fibrillar extracellular material was found which frequently appeared in an oriented array. The fibrils are presumably mucopolysaccharide, although enzymatic treatment failed to give a clear indication of their chemical nature. Perhaps their orientation is related in some systematic way to the polarity of the tissue, but the present investigation did not reveal this.
MATERIALS AND METHODS
To prepare reaggregated cells, tissues were obtained from the 4-day White Leghorn chick wing bud, though in some cases both fore and hind limb buds were used. In one case, reaggregates were obtained from 24-hr chick blastoderms. Tissue was dissected from the embryo and rinsed in three 10-min changes of calcium-and magnesium-free (CMF) Tyrode's solution (9) at 37C, incubated in Tryptar (crystallized trypsin, Armour Pharmaceutical Co., Kankakee, Ill.; 25,000 NF U/ml in CMF) at 37 0 C for 30 min, rinsed three times in CMF, and placed in nutrient medium (Eagle's basal medium with 50 U/ml each of penicillin and streptomycin and 0.01 mg/ml deoxyribonuclease (Worthington Corporation, Harrison, N.J.) where it was dispersed by pipetting. Dispersed cells were incubated in 3-ml lots in 25-ml Erlenmeyer flasks on a rotary shaker at 70 rpm, with approximately 6 X 106 cells/ml, at 37°C. Reaggregates were concentrated for fixation by gentle centrifugation. Tissue was fixed in 2.5% glutaraldehyde in cacodylate buffer at pH 7.2 containing 170 lanthanum nitrate (final pH 6.9) overnight, rinsed for 30 min to 1 hr in buffer at pH 7.2, and dehydrated. Fixation and dehydration were carried out in the cold. Tissue was embedded in Araldite, ( 11) sectioned, and viewed with a Hitachi HU-II A electron microscope without further staining.
Intact limb bud tissue was fixed and stained in the same manner with the omission of osmium postfixation. Also, intact tissue was fixed for 20 min in 2.5% glutaraldehyde, rinsed briefly, then incubated for 30 min or more at 37C with a number of agents, followed by the standard fixation and lanthanum staining procedure. Treatments included EDTA (disodium salt, Fischer Scientific Company, Pittsburgh, Pa.) 2 gm/l in CMF, Tryptar 25,000 NF U/ml in CMF, a-amylase (Worthington, AA) I mg/ml in Hanks', phospholipase C (Worthington PHLC7CA) 0.01 mg/ml in Hanks', and Hanks' alone.
RESULTS
Reaggregated limb bud cells were first sampled after 1 or 2 days' incubation when they had formed compact spherical masses. Cells tend to be more closely juxtaposed over the exterior of the aggregate after 48 hr, though in the interior a typical mesenchymal arrangement of cells is evident. At 24 hr this local difference in arrangement of the cells is somewhat less marked. Attention was concentrated on the external region of the aggregates where closer cell contact of epidermal cells occurs. At 24 hr cells there are largely in contact ( Fig. 1 ) and a dense staining material outlines each cell and covers the exterior of the aggregate. The interior of the cells remains unstained by lanthanum (10, 14) , although with osmium tetroxide fixation the internal structure is visible. Occasionally at the interstices between cells or at the aggregate surface, lanthanumstaining material is concentrated in globules (Fig.  I ). When such a preparation is viewed at a higher magnification (Figs. 3, 4, and 5), lanthanumstaining material at the cell surface, both on the exterior and between cells, can sometimes be seen to have a structured appearance. An oriented fibrillar material appears to coat the cells. It consists of densely staining fibrils or lamellae lying parallel to the surface. Oriented fibrils or lamellae lie with a 35 A center-to-center spacing and are roughly 20A in diameter. Disoriented masses of fibrils may occur also (Figs. 4 and 5). In reaggregates, disoriented masses of tortuous fibrils may occur not only on the outer surface, but between cells deeper in the aggregates as well. In Fig. 7 , fibrillar material is present at the region indicated by the arrow, while the rest of the lanthanum-staining material which outlines the cell boundaries could be interpreted as fibrils cut in cross-section. Thus, although fibrils cannot always be resolved and though they are often disoriented, there is still an indication that an ordering of this material can exist.
If lanthanum-staining material were involved in cell adhesion, one reasonable expectation is that it would be destroyed during dissociation and reformed during aggregation. This appears to be the case, though of course it does not necessarily follow that the lanthanum-staining material is crucial in cell adhesion. When cells are fixed and stained with lanthanum immediately after dissociation, lanthanum-staining material is present but sparse (Fig. 2) . Cell boundaries tend to be free of lanthanum except occasionally where two cells, which may not have been separated, adhere. Although some material may be present as in Fig. 2 , there is no continuous layer over the surface which remains, as with other methods of lanthanum staining of isolated cells which have, been reported (5). In aggregates without serumappreciable amounts of lanthanum-staining material have accumulated by 6 hr. A reaggregate with serum fixed at 4 hr showed copious amounts of intercellular material (Fig. 7) .
Intact 4-day limb bud was also examined to see if intercellular material found in reorganizing tissues is present in the undisturbed condition. There, stain outlines the cells and is also frequently present on surfaces bordering intercellular spaces, as well as at regions where cells are closely juxtaposed (Fig. 8) . No fibrillar material has ever been resolved within the tissue in such preparations, although it is occasionally seen in masses on the free surface (Fig. 8 ) or accumulated at cell junctions (Fig. 9) . However, when intact tissue was treated with a number of agents before staining, fibrillar material became apparent. Incubation of fixed tissue in Hanks solution at 37°C was sufficient to remove a good deal of the lanthanum staining, and that which remained often revealed tortous disoriented fibrillar material (Fig. 10 ). After treatment with EDTA, a-amylase and phospholipase C, the staining was similar to that observed wth Hanks' alone. No fibrillar matrial has yet been observed after trypsin treatment. Although these treatments indicate relatively little about the chemical nature of the fibrils, they do suggest that fibrillar material is present in intact tissue. Furthermore, in occasional instances, there is a suggestion that fibrils may normally be oriented. In Fig. 6 , fibrils run between two closely juxtaposed cells in the lower half of the picture and they border an intercellular cavity in the upper half. Throughout, there is a strong tendency towards parallel orientation in the direction of the arrow. Thus, in intact tissue as well as in reaggregates, oriented fibrillar material may occur. After short fixation in glutaraldehyde, this material is unstable and may be partly washed out in warm Hanks solution in intact tissue, while in reaggregates lanthanum-staining material may be almost completely washed out by such treatment.
DISCUSSION
Lanthanum staining by a number of different methods (2, 5, 10, 14) has revealed a heavily staining material external to the unit membrane on the surface of a variety of cell types. When lanthanum nitrate is combined with potassium permanganate as used by Lesseps (5) , the extracellular deposit appears to be stable; when it is combined with osmium tetroxide as used by Revel and Karnovsky (14) , this deposit is less so. Revel and Karnovsky report that staining of the extracellular space in very small blocks of thin slices obtained on a tissue chopper is usually completely negative because the lanthanum leaches out again, and that adding the lanthanum only to the aldehyde fixing fluid was less satisfactory because the lanthanum seems to be washed out from the blocks during subsequent exposure to aqueous solution. In the present experiments, it has been possible to stain very small aggregates of cells, despite these difficulties, by rinsing for a relatively short time in the cold. That it is an intercellular material which leaches out rather than the lanthanum as such is indicated by two observations: first, there is a visible structure in the intercellular region; and second, incubation of fixed tissue in warm Hanks solution before staining prevents deposition of lanthanum.
Very little can be said about the chemical nature of the fibrillar material described here, other than that it may possibly have a protein component. Materials enhancing cell aggregation in sponges (4, 8) have been described as protein or mucopolysaccharide, and the active particle in one case (8) , interestingly, has been estimated as having about the diameter of the fibrils of the present report. Fibrils with identical morphology and lanthanum-staining properties have been described in the mouse intestinal brush border, localized over cell boundaries (10) . The possibility that the fibrils and lamellar images are an inorganic polymer is unlikely since, in experiments with the intestinal brush border, only specific regions of the tissue are selectivey stained. Here, dense lanthanum-staining material is located in masses exclusively over juxtaposed cell boundaries. Furthermore, no clear fibrillar structure is evident with lanthanum staining of this tissue except after previous enzyme treatment.
The morphology of lanthanum-staining intercellular material is varied. This material most frequently appears as long and tortuous fibrils which may be loosely or more densely packed. Lamellar-like images also appear. Since discrete fibrils have the same width and staining properties as fibrils which are oriented or lamellar in appearance, it seems reasonable to interpret the two forms as different degrees of organization of the same material. Oriented fibrils may be assembled to form lamellar sheets. In intercellular regions of intact tissue, one might consider the material to be so densely packed that a fibrillar appearance is no longer obtainable. Images such as Fig. 9 suggest that the same loosely organized material at the free cell surface is assembled in a more condensed form in intercellular regions. In fact, treatments which erode lanthanum-staining material from between cells can leave fibrils in this location. Thus, epidermal cells may be surrounded by fibrillar arrays as are the cells of reorganizing aggregates.
What the function of the fibrillar material may be in reaggregation is unclear. One might object to considering it a possible adhesive material, since, when it is leached out of aggregates, the cells do not fall apart. However, these aggregates are fixed so that cell surfaces are altered; and we know also (16) that even very early embryonic cells make contact by frequent tight junctions. Also, some tight junctions may even exclude lanthanum (14) . In short, cells may adhere by a variety of means, and fixed cells by still others, so that far too little is known at the present time to exclude the lanthanum-staining material as an adhesive factor. Furthermore, the very location of this material makes it important in normal tissue architecture. If it is not what holds cell sur-faces together, perhaps it is what holds them apart. In any event, if cells of normal embryonic tissues are indeed surrounded by fibrillar arrays, the morphlology of this material could provide possibilities for directional cues or even for pattern matching of cell surfaces.
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